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eOn April 1, 1946, a 
magnitude 8.0 (Mw) 
earthquake with the 
source in the 
Aleutian Islands to 
the south of Unimak 
Island generated a 
ie tsunami that 

Bo oroyed this five- 
story lighthouse, 

>, located 9.8 m above 
or ae 


rOnly the 
——— foundation and 
~ == | part of the 
== sboncrete sea wall 

“* © temained. All five 
__ ~~ pccupants were 
—  =xilled. The waves 
_ .«— fleposited debris 
comme eps high as 35 m 
<< ee a eeepbove the sea. 
i ne ap eee though little 
i as ge —— ‘ a - ~— : a , 5 “= tamage occurred 
Sr a ein Alaska, except 
At Scotch Cap, the 
isunami was one 
of the most 
destructive ever to 
occur in the 
Hawaiian Islands. 
Photo credit: U.S. 
Coact Ciiard 
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Island of Hawaii, about 3,800 km from the generating area. In this area east of Hilo, 
Hawaii, waves were 6.1 m high overtopping the breakwater and causing minor flooding at 
the hospital. These catastrophic waves engulfed the Hawaiian Islands suddenly and 
unexpectedly. The maximum rise of water was almost 8 m in Hilo and as much as 12 m in 
other areas on the island of Hawaii. Photo credit: Mrs. Harry A. Simms, Sr. 


¢TSunami breaking over Pier No. 1 in Hilo Harbor, Hawaii. The man in the foreground 
was one of the 159 fatalities in the Hawaiian Islands from the tsunami. The photo was 
taken from the Brigham Victory. The ship was caught by the waves and tossed about but 
was able to use its own power to avoid the reefs and get past the breakwater to the 


Qiagen sea. 
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Figure 1.5 Laupahochoe Point prior to the tsunami of April 1, 1946. Note the 
playing fields and cottages nearest the ocean. 


The school children noted that the water had receded 
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Wy eMany went down to the shore to watch 


Across what had 
been the playing 
fields is the 
monument to the 
victims 
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°At least 24 er were killed here, many of whom were children 
playing by the waterfront. The tragedy of the 1946 tsunami 
prompted the U.S. Coast and Geodetic Survey to establish the 
Tsunami Warning System 
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Prince William Sound, Alaska 
1964 March 28 03:36:14 UTC (March 27 
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Valdez sits on the edge of an outwash delta 150 km from the epicenter. During 
the shaking, the unstable, saturated material failed. A slice of the delta, 1,220 
m long and 183 m wide, slid into the sea, carrying the docks and part of the 
town with it. The slide generated a wave which slammed the waterfront 2 to 3 
minutes after the onset of the quake. The wave demolished the rest of the 
waterfront, destroyed the fishing fleet, and reached 2 blocks into town, killing 30 
people 


Fire at Valdez, Alaska. The tank 
fire was triggered by failure of 
oil storage tanks at the Union 
Oil tank farm. By 10:30 p.m. 
about 5 hours after the quake, 
the whole waterfront was 
burning furiously. Some 
buildings along Front Street 
and Standard Oil's pumping 
control station also caught fire. 
The Union Oil tank farm 
continued to burn for two 
weeks. 
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Tsunami damage from the 
1964 Alaska earthquake 


The wave here was about 
m 10-12 feet. 
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This earthquake also generated a Pacific Ocean-wide 
tsunami that killed 110 people, 8 here in Crescent City, CA. 
Note fire in backaround. 
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¢ A view of tsunami and related fire damage on southeast 
Okushiri Island in the community of Aonae. Photo orientation is 
looking northeast. Numerous fires broke out following the 
tsunami, adding to the property loss and misery. More than 120 


people were killed in Japan (Okushiri and Hokkaido Islands) by 


tha terinam| 


"a 


~ 


Numerous intima ake were found caters: Tam tats 
debris, providing a rough estimate of the arrival time of inundating, 
destructive waves. The salt water shorted this clock, causing it to 
stop. This clock at Aonae, Okushiri Island, shows a travel time (not 
necessarily for the first wavebut the first inundating wave at this 
specific location in Aonae) of some fifteen minutes following the 
earthquake. Clocks on the west side of Okushiri Island showed 
travel times of as little as six to seven minutes. 


On the west side of Okushiri Island many locations 
experienced a maximum runup of over 20 m. This small 
valley leading to the ocean experienced a spectacular runup 
of 31 m. Note the debris in the foreground, including a broken 
steel reinforced concrete utility pole. Discolored and dead 
plants and grasses are evident on the hillside. 
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THE TWO 
BUILDINGS 
THAT REMAINED. 


This building stopped a house and boats. 


Indian Ocean, December 26, 2004 
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Subsidence, South Andaman Island 
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_ SPOT-2: 255/339 - 26TH. December 2004 (P (Pseudo Natural Colour) 
Immediate Aftermath of Tsunami at Banda Aceh iagonssla) 
04:23:39. 775, UTC Time : 


Banda Aceh and vicinity 


High-water profiles of 2004 tsunami in Aceh and 2006 tsunami in Java 
2004 Widely >5 m deep Setting of mosque 16,17  Simpang 
and reaching 3-4 km intand Lima 
(measurements, this page) 

2006 Mainly <5 m deep 

and <4 km inland 

(measurements on facing 

page, bottom left) 


Digital Globe image from Google Earth, taken June 22, 2004 
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Southern Chile, February 27, 2010 
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WASHINGTON STATE DEPARTMENT OF Talcahuano, Chile, February 28, 2010 
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CONSTITUCION 
CARTA DE INUNDACION POR TSUNAMI 


REFERIDA AL EVENTO DEL ANO 1835 
POR EL SERVICIO HIDRO OCEANOGRAFICO DE LA ARMADA DE CHILE 
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MEMORIA EXPLICATIVA CARTA DE INUNDACION POR TSUNAMI 
PARA EL PUERTO CONSTITUCION 


INTRODUCCION 


Las caracteristicas geotectonicas y morfologicas de la zona 
centro sur de Chile, asociadas a su potencial sismico, son 
determinantes al momento de evaluar la vulnerabiidad de Ia zona 
urbana costera del puerto Constitucién frente al riesgo de tsunami 
Dentro de este contexto, la determinacién de las areas inundables por 
un tsunami extremo en la ciudad constituye un aspecto fundamental 
que condiciona la efectividad de los planes locales de Proteccion Civil y 
el manejo de|as areas que potenciaimente puedan ser afectadas 


Pars ello, el Servicio Hidrogratico y Oceanografico de la Armada 
(SHOA) ha elaborado una cartografia de inundacién por tsunam 
correspondiente a la zona urbana de Constitucién, basandose en los 
resultados de la aplicacién de una metodologia de simulacion 
numérica, la que basicamente integra datos topogrsficos, batimétricos 
y sismicos, para resolver un modelo numérico de simulacién mediante 
elusodecomputadoras 


TSUNAMIS EN CONSTITUCION 


Histéricamente, se conoce la ocurrencia de por fo menos cinco 
terremotos que generaron ondas de tsunami en e! puerto Constitucion. 
Estos son: el registrado en 1570. ef Sdejulo de 1730, el 25 de mayo de 
1751, ef 20 de febrero de 1836 y finalmente el ocurride durante e! siglo 
XX, el del 16 de agosto de 1906. Los eventos extremos de 1835 y 1908 
son losmejordocumentados. 


CARTADEINUNDACION POR TSUNAMI 


La carta de inundacién por tsunami para el puerto Constitucion, 
3118. comprende toda e! area costera dela ciudad. Este estudio 
se efectud considerando los eventos extremos mejor documentados 
que se han registrado 3 a fecha en ls zona centro-sur de Chile, es decir 
los terremotos tsunamigénicos de 1835 y 1906. Se utilizaron datos 
digitales de topografia y batimetria del area, informacion urbana y 
antecedentes sismologicos e historicos de ambos eventos sismicos. 


En la carta se muestra el contomo de ta maxima inundacion 
alcanzada por el tsunami simulado y las curvas topograficas cada 5 
metros sobre el nivel medio de! mar. Los resultados han sido vaidados 
considerando |a informacién histérica disponible y los estudios 
cientificos recientes del terremoto de 1835. 


Se hace notar que, con retacién a los niveles de inundacion 
sefialados en la carta, en la realidad podrian ocurir aigunas 
variaciones respecto 3 los resultados de la simulacion, puesto que el 
modelo numérico aplicado no considera aspectos hidrodinamicos 
asociados 3 la disipacion de la energia del tsunami al legar ala costa, 
debido a construcciones civiles tales como muelles, edificios u otras 
obras 


Para mayor informacién, consultar el estudio “CARTA DE 
INUNDACION POR TSUNAMI PARA EL PUERTO CONSTITUCION. 
CHILE. DOCUMENTO EXPLICATIVO", SHOA, Octubre 2002. 
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Figure | : Map of areas drowned by the 27/02/2010 tsunami (observed run-up in blue). 
Red frame locates used post-earthquake high-resolution images. 
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Figure 2 : Areas drowned by 27/02/2010 tsunami (observed run-up in dark blue) overlaid on Carta de 
Inundacion por Tsunami established by Servicio Hidrografico y Oceanografico de la Armada (SHOA) 
Light blue indicates maximum potential tsunami run-up as determined earlier by SHOA 
oe ees lic > nAesc = 


Smaller towns of Dichato and 
Talcahuano also suffered 
tremendous damage 


7 , a 
"More than 75 percent of the village is destroyed," said David Merino, a 
community leader in Dichato on the coast. "After the earthquake there were 
three waves. The first two were big and didn't do much damage, but the last 
one almost wiped the village off the map," he said. 


Dichato, Chile 


LOCATION Sendal, March 11, 2011 
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Most Recent Great Earthquake — 
Date: January 26, 1700 , 
Magnitude: ~9.0 ~ 

Rupture length: ~1000 km 
Rupture wdth:~80 km 
Recurrence interval: 500 years 
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This former wave-cut 
platform in Prince William 
Sound was uplifted nearly 
33 feet in the earthquake in 
m 1964, stranding seaweed 
high above the beach. 


“Drowned forest in Girdwood, Alaska, killed in 1964 
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Age ranges at >95-percent confidence 
Grays Harbor, Willapa Bay, Columbia River 


From Brian Atwater 


The long duration also enhances the occurrence of liquefaction in susceptible 
soils 


Niigata, 1964 
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Right, subsided marsh 
along the Niawiakum River, 
southwest Washington. 
Below, note pitfalls of 
working in tidal marshes. 


And then the tsunami- 


Nature, to be commanded, 
must be obeyed 


Francis Bacon, 
Novum Organum 
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Model by Kenji Satake 
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Note the long 
peninsulas or spits of 
low-lying ground. 
Ocean Shores 
peninsula is 7 miles 
long and Long 

Beach peninsula is 
20 miles long with 
little or no high 


ground over those 
distances. For these 
areas, tsunami 
defenses are 
appropriate. 


Ss 


WY WASHINGTON STATE DEPARTMENT OF 


Natural Resources 


5) 


w 
+ 
/ © op 
1 © HE ‘ djopagaya Lhe | My 
ls) is me 
Tp) se an pe , 
= , 
— 
1 Oo 
— ; 
Y) ) 
o) 
— 
= 
= 
Y) 
° 
= 
fo) 
O 
ra 
‘= 
O 
Soci 
— 
— f ! 
® 2 
w 
— O 
: 
© = 
= S 
= E 
= ‘= 
: E 
= Dn 
kK 


A TRAGEDY OF FOREIGN TOURIST WHO 
COULD NOT UNDERSTAND WARNING 
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The 1968 tsunami reflected by 
sea-walls. 
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SEA-WALLS 
DID NOT WORK. 


The 1993 tsunami was higher than 
the sea-walls by 5 m. 
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M8.0 0.5-10% 
M7.1-7.6 About 90% 
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Tsunami Catalogue for the Sanriku District near the Sendai 
Area, mostly based upon Miyagi Showa Shinsho-Shi (Record 
of the Showa Earthquake and Tsunami in Miyagi Prefecture) 
and partially on Shuto’s memory. 
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Giant earthquake in the Tohoku District. Tsunami flooded up 
to the Tagajo castle near Sendai. Over 1,000 drowned. 
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Signs of evacuation buildings 
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This three-story 
building (below) was 
the disaster 
management center 
of the town which 
was also designed 
to function asa 
tsunami evacuation 
building. At the time 
of tsunami, about 
thirty municipal 
officials evacuated 
to the rooftop but 
only ten of them 
survived. A young 
female official who 
kept delivering 
evacuation message 
to the villagers until 
the last moment has 
not been found yet. 
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Civilization exists by 
geological consent— 


subject to change without 
notice 


Will Durant 
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